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1. Introduction

OFDM was agreed as LTE downlink multiple access scheme in RAN#30. For OFDM downlink, multiplexing of unicast channel and multicast channel has been discussed [2-5]. In these discussions, time domain multiplexing (TDM) and frequency domain multiplexing (FDM) have been considered and compared. In the TDM case, multicast data is transmitted in a different sub-frame from unicast data. In the FDM case, multicast data is transmitted on different sub-carriers from unicast data within a same sub-frame. The combination of FDM and TDM also can be considered.  Examples of pure TDM, where the whole sub-frame is exclusively used for multicast, and FDM/TDM multicast are shown in Figure 1 and Figure 2 respectively. 
In this contribution, multiplexing of unicast and multicast is further discussed taking into account bandwidth restrictions of the minimum UE capability. 
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Figure 1 Pure TDM multicast
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Figure 2 FDM/TDM multicast

2. Unicast/Multicast multiplexing

In this section, we discuss different unicast/multicast multiplexing methods from two different perspectives. Section 2.1. addresses methods where the multicast bandwidth is equal to or above the minimum UE capability bandwidth. This discussion also relates service aspects. Section 2.2. addresses the multiplexing of multicast and unicast within the minimum UE capability bandwidth, which does not relate to service aspects. Further, we highlight issues related to pilots in section 2.2.
In the following sections we assume a minimum UE capability bandwidth of 5MHz.
2.1. Multiplexing method out of minimum UE capability bandwidth

LTE supports scalable bandwidths. Therefore, various UE bandwidth capabilities are supported in the system. We consider three possible different multicast operation methods.

Method 1
All multicast channels are transmitted within 5MHz (minimum UE capability bandwidth) as shown in Figure 3. Only one 5MHz band for multicast channels is allocated in a sub-frame. 

In this method, all multicast services can be received by UEs with any bandwidth capability. 

Note, that unicast/multicast multiplexing can be operated in FDM/TDM only, if the system bandwidth is wider than the minimum UE capability.
[image: image3.emf]Unicast

Unicast

Unicast

Multicast

(service A)

5MHz

5MHz

5MHz

5MHz

Unicast

Unicast

Unicast

Unicast

Unicast

Unicast

Unicast

Multicast

(service B)

band for multicast

Unicast

Unicast

Unicast

Multicast

(service C)

Sub-frame


Figure 3 multicast transmission for method 1

Method 2
All multicast channels are transmitted within 5MHz (minimum UE capability). Multicast channels can be mapped onto different 5MHz bands as shown in Figure 4. The interleaving depth in frequency domain is limited to the minimum UE capability bandwidth.
The number of multicast channels received by a UE simultaneously in a sub-frame is dependent on the UE capability, i.e. 5MHz UEs, 10MHz UEs, and 20MHz UEs can receive respectively one, two and four multicast channels in a sub-frame. Required receiving time for a UE to receive multicast services would be shorter than that in method 1 if a UE receives at least 2 multicast bands. 

Unicast/multicast multiplexing can be either pure TDM or FDM/TDM. 

[image: image4.emf]Unicast

Unicast

Unicast

Unicast

5MHz

5MHz

5MHz

5MHz

Multicast

(service B)

Multicast

(service C)

Multicast

(service D)

Multicast

(service E)

Multicast

(service F)

Unicast

Unicast

Multicast

(service A)

Unicast

Unicast

Unicast

Unicast

Sub-frame


Figure 4 multicast transmission for method 2

Method 3 

20MHz multicast channels, 10MHz multicast channels and 5MHz multicast channels could exist as shown in Figure 5. 

A UE can receive a multicast service only when the bandwidth capability of the UE is at least as wide as the bandwidth of the multicast service. Therefore, a 5MHz UE can only receive service A, whereas in method 2 it can receive any of the provided services. Multicast services with wider bandwidth can be higher bit rate, and lower error rate thanks to larger frequency diversity gain, since in this case the interleaving depth in frequency domain is not limited to the minimum UE capability bandwidth.
Unicast/multicast multiplexing can be either pure TDM or FDM/TDM.
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Figure 5 multicast transmission for method 3

Three methods listed above are not mutually exclusive. We would like to receive other companies’ opinions. 

2.2. Multiplexing method within minimum UE capability bandwidth

In this section, we discuss the multiplexing of unicast and multicast within the bandwidth of minimum UE capability. 

Data multiplexing

We see the need to multiplex unicast and multicast channels in a sub-frame within the bandwidth of minimum UE capability. This is because if one entire downlink sub-frame is dedicated to a multicast service, there would be no possibility to receive uplink related control information in this sub-frame for the UEs with minimum UE capability.

Pilot multiplexing
Two types of pilots would be necessary in this case. One is unicast pilot for unicast channels and the other is multicast pilot for multicast channels. Unicast pilots are specific for each cell. Multicast pilots are identical among a set of cells for performance improvement of SFN-based multicast [4]. 

Examples of the unicast and multicast pilot multiplexing are shown in Figure 6 and Figure 7 for localized multicast mapping as well as for distributed multicast mapping. Although the nature of multicast implies that distributed multicast mapping would be natural choice, localized mapping is also listed for the sake of completeness. The pilot density is FFS. The necessary pilot energy for multicast would be less than that for unicast thanks to SFN operation.
TR25.814 states that additional secondary pilot could be selectively transmitted if an inter-sub-frame interpolation with the first reference symbols in the next sub-frame is not possible. One example for this case is a unicast sub-frame just before a unicast/multicast multiplexed sub-frame. On the secondary pilot transmission scheme, the following two methods would be possible. 

In method A the secondary pilots are mapped across the entire bandwidth (or at least minimum UE capability bandwidth)(Figure 6). In method B the secondary pilots are mapped only on the sub-carriers (or resource blocks) where a multicast channel is transmitted in the next sub-frame (Figure 7).

A merit of method A compared to the method B is that it is not necessary for a UE to be aware of the pilot mapping of the next sub-frame, i.e. how/if unicast and multicast are multiplexed. UEs are only required to be aware of the possible existence of multicast in the next sub-frame. Therefore, method A is simple and implemented with low complexity, while the method B can be implemented with smaller pilot overhead. Our current preference is method A from the simplicity point of view.
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(a) distributed multicast mapping                                    (b) localized multicast mapping
Figure 6 multicast pilot and secondary pilot mapping for method A
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(a) distributed multicast mapping                                    (b) localized multicast mapping

Figure 7 multicast pilot and secondary pilot mapping for method B

3. Conclusion

In this contribution, we have discussed unicast and multicast multiplexing issues. We suggest that the following issues are considered in further multicast discussions. 
· Multiplexing method of unicast and multicast should consider the minimum UE capability bandwidth. 

· Multiplexing out of minimum UE capability bandwidth: This impacts the discussion of scalable bandwidth operation (i.e. some lower capability UE cannot receive all MBMS services) and simultaneous reception of the MBMS services.

· Multiplexing within minimum UE capability bandwidth: We see the need to multiplex unicast and multicast in the same sub-frame within the minimum UE capability bandwidth. In this case there are two transmission methods for the secondary pilots in the sub-frame just before the unicast/multicast multiplexed sub-frame. Our current preference is that secondary pilots are mapped across the entire bandwidth.  
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